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PATENT 

Attorney Docket No. 16930-000811 
COMPOSITIONS AND METHODS FOR THERAPEUTIC USE 



This application is a continuation-in-part of U.S. S.N. 08/584,077, filed 
January 8, 1996, which is incorporated by reference in its entirety for all purposes. 

BACKGROUND OF THE INVENTION 
10 The present invention is directed to compositions and methods of treating 

cancer by gene therapy using a therapeutic gene, such as a tumor suppressor gene 
delivered by a gene delivery system, such as a recombinant viral vector delivery system, 
formulated in a buffer comprising a delivery-enhancing agent. One embodiment of this 
invention relates to the delivery of a tumor suppressor gene (e.g., p53 or retinoblastoma 
15 (RB)) to cancerous epithelial tissues and organs, such as the bladder, using a recombinant 
adenoviral vector delivery system formulated in a buffer comprising a delivery-enhancing 
agent. 

Carcinoma of the bladder represents a significant source of morbidity and 
mortality. Bladder cancer ranks 10th in males and 12th in females in cancer related 

20 mortality (Cancer Facts and Figures, Amer.Can.Soc. 5:11 (1995)). Therapies available for 
the treatment of bladder cancer include adjuvant chemotherapy or immunotherapy, 
transurethral resection of superficial disease, radical cystectomy or radiotherapy which is 
often combined with systemic chemotherapy. Despite these therapeutic options, overall 
survival has not changed appreciably. (Ibid) Thus, new therapeutic modalities must be 

25 developed for the treatment of bladder cancer. 

Gene therapy strategies have been developed as an alternative therapeutic 
approach (See for example, Brewster et al. Eur Urol 25:177-182 (1994); Takahashi et al., 
Proc Natl Acad Sci USA 88: 5257-5261 (1991); Rosenberg, SA, J t Qin Qnc Q l T 10:180- 
199 (1992)). 

30 Distinct approaches have been developed to treat neoplasms based on gene 

transfer methods. Methods have been developed to correct specific lesions at defined 
genetic loci which give rise to neoplastic transformation and progression (Spandidos et al., 



Anticancer Res. 10:1543-1554 (1990); Banerjee et al. Cancer Reg, 52:6297-6304 (1992)). 
Overexpression of dominant oncogenes may be addressed using techniques to inhibit the 
transforming gene or gene product. Loss of tumor suppressor gene function may be 
approached using methods to reconstitute wild-type tumor suppressor gene function 
5 (Goodrich et al., Cancer Res. 52:1968-1973 (1992)). Besides these methods to achieve 
mutation compensation, genetic techniques have been developed to specifically and 
selectively eradicate tumor cells. These approaches of molecular chemotherapy rely on 
specific expression of toxin genes in neoplastic cells (Abe et al., Proc Soc Exp Biol Med. 
203:354-359 (1993)). Finally, gene transfer methods have been used to achieve antitumor 
10 immunization. These methods of genetic immunopotentiation use techniques of genetic 
^ immunoregulation to enhance immune recognition of tumors. Consequently, a variety of 

CO distinct approaches have been developed to accomplish gene therapy of cancer. 

g5 A high incidence of mutations has been observed in tumor suppressor genes, 

ff, such as p53 and RB, in the case of carcinoma of the bladder (Fujimoto et al. Cancer Res. 

UJ 15 52:1393-1398 (1992); Cairns et al. Oncogene 6:2305-2309 (1991)). For such genetic 

y i 

B lesions of tumor suppressor genes, reversion of the neoplastic phenotype can be 

CJ demonstrated with replacement of the corresponding wild-type tumor suppressor gene 

y (Spandidos, Id.; Banerjee, Id.). 

In vitro studies using cell lines derived from human bladder tissues have 
20 demonstrated efficient transgene expression following infection with recombinant 

adenovirus (Bass et al. Cancer Gene Therapy 2:2:97-104 (1995)). Experiments in vivo 
have also shown adenovirus transgene expression in the urinary bladder of rodents after 
intravesical administration (Ibid; Morris et al. J. Urology. 152:506-50(1994)). In vitro 
experiments with wild-type adenovirus demonstrate that virus attachment and 
25 internalization is not influenced by benzyl alcohol, but do demonstrate an enhanced 

uncoating of the virion (Blixt et al. Arch. Virol. 129:265-277 (1993)). In vivo efforts with 
agents (e.g. acetone, DMSO, protamine sulfate) can break down the protective "mucin" 
layer that protects the bladder epithelium from bacteria, viruses and other pathogens 
(Monson et al. J. Urol. 145:842-845 (1992); Parsons et al. J. Urol. 143:139-142 (1990)). 
30 None of the methods tried to date achieve enhanced delivery of a therapeutic tumor 

suppressor gene to the bladder for the treatment of bladder cancer. In order to accomplish 
gene therapy for treatment of bladder cancer, gene therapy methods must be developed to 
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accomplish direct, optimal, in vivo tumor suppressor gene delivery to the bladder 
epithelium. 

These needs and others are addressed by the instant invention. 

5 S UMMARY OF TOE INVENTION 

One aspect of the invention is a method of administering a therapeutic 
agent to a cell, comprising administering to the cell a therapeutically effective amount of 
the therapeutic agent formulated in a buffer comprising a compound of Formula I: 

O O 
10 II II 

Xi— C-HN-(CH2) n — N— (CH2)n-NH-C-X 3 

x 2 



fl wherein: 

^2 15 n is an integer from 2-8; Xj is a cholic acid group or deoxycholic acid 

e group; and X 2 and X 3 are each independently selected from the group consisting of a 

H cholic acid group, a deoxycholic acid group, and a saccharide group, wherein the 

rjj saccharide group is selected from the group consisting of pentose monosaccharide groups, 

y3 hexose monosaccharide groups, pentose-pentose disaccharide groups, hexose-hexose 

20 disaccharide groups, pentose-hexose disaccharide groups, and hexose-pentose disaccharide 

groups; and wherein at least one of X 2 and X 3 is a saccharide group. 

A further aspect of the invention is a pharmaceutical composition 

comprising a therapeutically effective amount of the therapeutic agent formulated in a 

buffer comprising a compound of Formula I: 



25 



? 1? 

Xi— C- HN -(CH2) n — fjJ — (CH2) n - NH — C— X 3 

r° 

x 2 



30 



wherein: 

n is an integer from 2-8; X, is a cholic acid group or deoxycholic acid 
group; and X 2 and X 3 are each independently selected from the group consisting of a 



# 

4 



cholic acid group, a deoxycholic acid group, and a saccharide group, wherein the 
saccharide group is selected from the group consisting of pentose monosaccharide groups, 
hexose monosaccharide groups, pentose-pentose disaccharide groups, hexose-hexose 
disaccharide groups, pentose-hexose disaccharide groups, and hexose-pentose disaccharide 
5 groups; and wherein at least one of X 2 and X 3 is a saccharide group. 

A further aspect of the invention is a method of treating bladder cancer 
comprising administration to a cell of a therapeutically effective amount of a therapeutic 
agent that is formulated in a buffer comprising a compound of Formula I: 

10 ff ff 

Xi— C- HN-(CH2) n - N — (CH^rr NH -C-X 3 

I T 

c=o 1 

x 2 

wherein: 

15 n is an integer from 2-8; X x is a cholic acid group or deoxycholic acid 

group; and X 2 and X 3 are each independently selected from the group consisting of a 
cholic acid group, a deoxycholic acid group, and a saccharide group, wherein the 
saccharide group is selected from the group consisting of pentose monosaccharide groups, 
hexose monosaccharide groups, pentose-pentose disaccharide groups, hexose-hexose 

20 disaccharide groups, pentose-hexose disaccharide groups, and hexose-pentose disaccharide 
groups; and wherein at least one of X 2 and X 3 is a saccharide group. . 

A further aspect to the invention provides new compounds of the Formula I: 

O O 
II II 
Xi— C— HN-(CH2) n — N — (ChfcOrr NH — C— X 3 

25 <Uo 1 

I 

X 2 



wherein n is an integer from 2-8, X r is a cholic acid group or deoxycholic acid group, and 
X 2 and X 3 are each independently selected from the group consisting of a cholic acid 
30 group, a deoxycholic acid group, and a saccharide group. At least one of X 2 and X 3 is a 
saccharide group. The saccharide group may be selected from the group consisting of 
pentose monosaccharide groups, hexose monosaccharide groups, pentose-pentose 



disaccharide groups, hexose-hexose disaccharide groups, pentose-hexose disaccharide 
groups, and hexose-pentose disaccharide groups. In one preferred embodiment, the 
compounds of the present invention have the Formula II: 

O O 
II II 
Xt— C- HN -(CH2) 3 - N — (Chbte- NH -C-X 3 



wherein X t and X 2 are selected from the group consisting of a cholic acid group and a 
deoxycholic acid group and X 3 is a saccharide group. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the influence of formulation on adenovirus mediated gene 
transfer and expression in the rat bladder epithelium after intravesical administration. 

Figure 2 depicts adenovirus transgene expression in bladder epithelial cells 
after intravesical administration. 

Figure 3 depicts dose dependent adenovirus transgene expression in the rat 
bladder after intravesical administration. 

Figure 4 depicts a reverse-transcriptase polymerase chain reaction (RT- 
PCR) analysis of recombinant adenovirus transgene expression in the mouse bladder after 
intravesical administration. 

Figure 5 depicts a time course of recombinant adenovirus transgene 
expression in bladder, kidney, and liver tissue after intravesical administration of the virus. 

Figure 6 depicts recombinant adenovirus transgene DNA in bladder and 
kidney homogenates after intravesical administration 

Figure 7 depicts improvement of gene transfer to bladder epithelium using a 
Big CHAP (N, N, bis-(3-D-gluconamidopropyl)-cholamide (CALBIOCHEM® 
Biochemicals, San Diego, California) formulation. 

Figure 8 depicts improvement of gene transfer to bladder epithelium using 
different concentrations of recombinant adenovirus in a 7 mM Big CHAP formulation. 

Figure 9 depicts enhancement of recombinant adenovirus transgene 
expression in bladder tissue by using an ethanol (ETOH) or Big CHAP formulation. 
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Figure 10 depicts gene transfer to tumors using a 4 mM Big CHAP 

formulation. 

Figure 11 depicts transgene transfer to pig bladder epithelium. 

Figure 12 depicts the expression of p53 in tumor tissue. 
5 Figure 13 depicts gene transfer to the muscosa of rat ileum. 

Figure 14 is a photograph of bladder sections from rats, wherein the ability 
of Big CHAP from two sources to enhance gene transfer was compared. The more 
intense Xgal staining in the lower row in comparison to the upper row demonstrated a 
greater enhancement of gene transfer by Big CHAP from CALBIOCHEM® in comparison 
10 to Big Chap from Sigma (Sigma Chemical Company, St. Louis, Missouri). 

Figure 15 depicts thin layer chromatography (TLC) of Big CHAP from 
CALBIOCHEM® and Sigma. Only one distinct band developed from the sample of BC - 
Sigma (panel B), while three additional bands became evident in the sample of BC- 
CALBIOCHEM® (panel A). 
15 Figure 16 depicts TLC of Big CHAP impurities. The lanes are labeled as 

follows: Lane 1: Big CHAP (CALBIOCHEM®); Lane 2: Impurity I; Lane 3: Impurity 
II; Lane 4: Mixture of Impurity II and III; Lane 5: Impurity III; Lane 6: Big CHAP 
(CALBIOCHEM®) pure; Lane 7: Big CHAP (CALBIOCHEM®). 

Figure 17 is a photograph of bladder sections from rats, wherein the ability 
20 of increasing concentrations of Big CHAP (Sigma) to enhance gene transfer was 

compared to a Big CHAP (CALBIOCHEM®) standard. The more intense Xgal staining 
indicated enhanced gene transfer at higher concentrations of Big CHAP (Sigma). 

Figure 18 is a photograph of bladder sections from rats, wherein the ability 
of Big CHAP (CALBIOCHEM®) and Big CHAP (Sigma) after purification to enhance 
25 gene transfer was evaluated and compared to non-purified Big CHAP from those sources 
as a control. The intensity of the Xgal staining indicated a reduced ability to enhance 
gene transfer after Big CHAP from either source had been purified by column 
chromatography . 

Figure 19 is a photograph of bladder sections from rats, wherein the ability 
30 of Big CHAP (CALBIOCHEM®) and Big CHAP (Sigma) after purification to enhance 
gene transfer was evaluated and compared to non-purified Big CHAP from those sources 
and to Impurities I and a combination of impurity II and impurity III. The intensity of the 
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Xgal staining demonstrated an enhancement of gene transfer with 6 mg/ml of the 
combination of Impurity II and Impurity III. 

Figure 20 is a photograph of bladder sections from rats, wherein the ability 
of Big CHAP (Sigma) after purification to enhance gene transfer was evaluated and 
5 compared to purified Big CHAP (Sigma) reconstituted with Impurity II, Impurity III, or 
a synthetic analog of Impurity II. The intensity of the Xgal staining demonstrated an 
enhancement of gene transfer when the purified Big CHAP (Sigma) was reconstituted. 
Big CHAP (CALBIOCHEM®) is included as a control. 

10 

n DETAILED DESCRIPTION OF THE INVENTION 

03 The present invention provides pharmaceutical^ acceptable formulations to 

m enhance transport of therapeutic agents to cells, such as in epithelial tissues, using delivery 

|7j enhancing agents. 

B 15 

s A. Delivery Enhancing Agents 

O 

Cj In some embodiments of the invention, a therapeutic agent, such as a tumor 

;2 suppressor gene, is formulated in a buffer comprising a delivery-enhancing agent. "A 

delivery-enhancing agent" refers to any agent which enhances delivery of a therapeutic 

i 

20 agent, such as a tumor suppressor gene to a cancerous tissue or organ. Such enhanced 

delivery may be achieved by various mechanisms. One such mechanism may involve the 
disruption of the protective glycosaminoglycan layer on the epithelial surface of the 
bladder. Increased delivery of a therapeutic agent, such as a tumor suppressor gene, can 
- be measured by various means. For example, the expression of a marker gene may be 

25 compared in the presence or absence of the delivery-enhancing agent 

Examples of such delivery-enhancing agents are detergents, alcohols, 
glycols, surfactants, bile salts, heparin antagonists, cyclooxygenase inhibitors, hypertonic 
salt solutions, and acetates. Alcohols include for example the aliphatic alcohols such as 
ethanol, N-propanol, isopropanol, butyl alcohol, acetyl alcohol. Glycols include 

30 glycerine, propyleneglycol, poly ethylenegly col and other low molecular weight glycols 

such as glycerol and thioglycerol. Acetates such as acetic acid, gluconic acid, and sodium 
acetate are further examples of delivery-enhancing agents. Hypertonic salt solutions like 
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1M NaCl are also examples of delivery-enhancing agents. Examples of surfactants are 
sodium dodecyl sulfate (SDS) and lysolecithin, polysorbate 80, 
nonylphenoxypolyoxy ethylene, lysophosphatidylcholine, polyethylenglycol 400, 
polysorbate 80, polyoxyethylene ethers, polyglycol ether surfactants and DMSO. Bile 
5 salts such as taurocholate, sodium tauro-deoxycholate, deoxycholate, chenodesoxycholate, 
glycocholic acid, glycochenodeoxycholic acid and other astringents like silver nitrate may 
be used. Heparin-antagonists like quaternary amines such as protamine sulfate may also 
be used. Cyclooxygenase inhibitors such as sodium salicylate, salicylic acid, and non- 
steroidal antiinflammatory drug (NSAIDS) like indomethacin, naproxen, diclofenac may 
10 be used. 

Detergents include anionic, cationic, zwitterionic, and nonionic detergents. 

Exemplary detergents include but are not limited to taurocholate, deoxycholate, 

taurodeoxycholate, cetylpyridium, benalkonium chloride, ZWITTERGENT®3-14 

detergent, CHAPS (3-[(3-Cholamidopropyl)dimethylammoniol]-l-propanesulfonate 
15 hydrate, Aldrich), Big CHAP, Deoxy Big CHAP, TRITON®-X-100 detergent, C12E8, 

Octyl-B-D-Glucopyranoside, PLURONIC®- F68 detergent, TWEEN® 20 detergent, and 

TWEEN® 80 detergent (CALBIOCHEM® Biochemicals). 

The concentration of the delivery-enhancing agent will depend on a number 

of factors known to one of ordinary skill in the art such as the particular delivery- 
20 enhancing agent being used, the buffer, pH, target tissue or organ and mode of 

administration. The concentration of the delivery-enhancing agent will be in the range of 

1% to 50% (v/v), preferably 10% to 40% (v/v) and most preferably 15% to 30% (v/v). 

Preferably, the detergent concentration in the final formulation administered to the patient 

is about 0.5 - 2X the critical micellization concentration (CMC). 
25 In order to facilitate the improved gene transfer for nucleic acid 

formulations comprising commercial Big-CHAP preparations, the concentration of Big 

CHAP will vary based on its commercial source. When the Big CHAP is sourced from 

CALBIOCHEM®, it is preferred that the concentration be in a range of 2 to 10 millimolar. 

More preferred is 4 to 8 millimolar. Most preferred is approximately 7 millimolar. 
30 When the Big CHAP is sourced from Sigma, it is preferred that the 

concentration of Big CHAP be in a range of 15 to 35 millimolar. More preferred is 20 to 

30 millimolar. Most preferred is approximately 25 millimolar. 
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In a further embodiment of the invention, delivery-enhancing agents having 
Formula I are provided: 

O O 
II II 
Xi— C- HN - (CH2) n — N — (CH2) n - NH -C- X 3 

I T 

c=o 1 

I 

x 2 

wherein n is an integer from 2-8, X x is a cholic acid group or deoxycholic acid group, and 
X 2 and X 3 are each independently selected from the group consisting of a cholic acid 
group, a deoxycholic acid group, and a saccharide group. At least one of X 2 and X 3 is a 
saccharide group. The saccharide group may be selected from the group consisting of 
pentose monosaccharide groups, hexose monosaccharide groups, pentose-pentose 
disaccharide groups, hexose-hexose disaccharide groups, pentose-hexose disaccharide 
groups, and hexose-pentose disaccharide groups. In one preferred embodiment, the 
compounds of the present invention have the Formula II: 



O O 
II II 
Xi— C- HN-(CH2) 3 - N — (CH2)3- NH -C-X 3 

I 

x 2 



wherein X! and X 2 are selected from the group consisting of a cholic acid group and a 
deoxycholic acid group and X 3 is a saccharide group. 

These compounds are preferably used in the range of about 0.002 to 2 
mg/ml, more preferably about 0.02 to 2 mg/ml, most preferably about 0.2 to 2 mg/ml in 
the formulations of the invention. Most preferred is approximately 2 mg/ml. 

Phosphate buffered saline (PBS) is the preferred solubilizing agent for these 
compounds. However, one of ordinary skill in the art will recognize that certain 
additional excipients and additives may be desirable to achieve solubility characteristics of 
these agents for various pharmaceutical formulations. For example, the addition of well 
known solubilizing agents such as detergents, fatty acid esters, surfactants may be added in 
appropriate concentrations so as to facilitate the solubilization of the compounds in the 
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various solvents to be employed. When the solvent is PBS, a preferred solubilizing agent 
is Tween 80 at a concentration of approximately 0.15%. 

The compounds of the invention may be used alone, in combination with 
each other, or in combination with another delivery-enhancing agent. 

B. Therapeutic Agsttts 

The delivery-enhancing agents of the invention can be used to formulate 
therapeutic or diagnostic agents, such as proteins, nucleic acids, antisense RNA, small 
molecules, etc., for administration to any tissue or organ having an epithelial membrane. 
The term "therapeutic agent" as used herein includes but is not limited to therapeutic 
proteins, therapeutic genes, vectors (plasmid or viral vectors) containing a therapeutic 
gene, antisense nucleic acids, or other therapeutic nucleic acid sequence (e.g., triplex 
nucleic acids) to a target epithelial cell, tissue or organ having an epithelial membrane. 
Examples of diagnostic agents include marker genes (such as but not limited to p- 
galactosidase, green fluorescent protein, and luciferase) and radiolabeled nucleic acid 
probes. 

For purposes of the present invention, the term "therapeutic gene, " refers to 
a nucleic acid sequence introduced into a cell to achieve a therapeutic effect. Examples of 
such therapeutic genes include tumor suppressor genes, suicide genes, antisense nucleic 
acid molecules, triplex forming nucleic acid molecules, genes encoding cytokines (such as 
but not limited to the interferons a, p, 6, and y)» genes encoding interleukins (e.g., IL-1, 
IL-2, IL-4, 11-6, IL-7 and IL-10), and colony stimulating factors such as GM-CSF. In 
some instances, the therapeutic gene may also be a naturally occurring or recombinantly 
modified virus. 

A suicide gene is a nucleic acid sequence, the expression of which renders 
the cell susceptible to killing by external factors or causes a toxic condition in the cell. A 
well known example of a suicide gene is the thymidine kinase (TK) gene (see e.g. Woo, et 
al. United States Patent No. 5,631,236 issued May 20, 1997 and Freeman, et al. United 
States Patent No. 5,601,818 issued February 11, 1997) in which the cells expressing the 
TK gene product are susceptible to selective killing by the administration of gancyclovir. 

Antisense nucleic acid molecules are complementary oligonucleotide strands 
of nucleic acids designed to bind to a specific sequence of nucleotides to inhibit production 
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of disease causing proteins. Antisense molecules which bind to specific oncogenes are 
frequently used to inhibit the transcription of these cancer causing agents. These agents 
may be used alone or in combination with other therapeutic genes. 

Triplex forming nucleic acids are molecules designed to inhibit transcription 
5 of disease causing genes. Generally, this is achieved by the triplex forming nucleic acid 
binding to the transcriptional control sequence of the target gene and preventing the 
transcription of the target gene. Triplex forming oligonucleotides recognize and bind to 
the major groove of double-stranded DNA by virtue of Hoogsteen hydrogen bonding. 
Examples of the use of triplex technology include targeting of the androgen receptor or the 

10 insulin-like growth factor genes with triplex technology in prostate cancer cells. Boulikas, 
T. Anticancer Res. 17(3A): 1471-1505 (1997). Triplex nucleic acids have been 
demonstrated to be mutagenic in some instances and such molecules may be used to induce 
responses of endogenous DNA repair mechanisms leading to an induction of tumor 
suppressor genes in a therapeutic manner and may contribute to genomic instability 

15 inducing apoptosis in the target cell. A variety of triplex nucleic compounds are currently 
under investigation and are well documented in the scientific literature. 

Tumor suppressor gene refers to a gene which suppresses the formation of 
tumors. Tumor suppressor genes are naturally occurring genes in mammalian cells the 
deletion or inactivation of which is believed to be a necessary prerequisite for tumor 

20 development. Tumor suppressor gene therapy generally attempts to reintroduce the tumor 
suppressor gene to cells in which the gene is absent or inactive. Examples of tumor 
suppressor genes useful in the practice of the present invention include p53, pllORb, 
members of the INK4 family of tumor suppressor genes including pl6 and p21 and 
therapeutically effective fragments thereof such as p56Rb, p94Rb, etc. In the preferred 

25 practice of the invention, the tumor suppressor gene is selected from the Rb gene and the 
p53 gene and nucleic acid sequences encoding functional variants thereof, such as Rb56. 
In the most preferred practice of the invention, the tumor suppressor gene is p53 . 

In some embodiments, the compositions of the invention comprise a 
"therapeutically effective" amount of a therapeutic agent in a buffer comprising a delivery- 

30 enhancing agent. "Therapeutically effective" as used herein refers to the prevention of, 
reduction of, or curing of symptoms associated with a disease state. 
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C v^fY f 1 for T ^r""^ Genes . - a 

^^^Tthe gene of in*res, is designed «- express.cn » a 

target cel., the therapeutic gene is general., incorporated tare a — • E » <" 
vels use. for such purposes indude expression plasmids capab,e o dnectnrg the 
expression o, the therapeutic gene of interest in «he targe, ce... .n other 

a vira, genome capab,e of transiting the targe, cell and the gene ts operably ln*ed «o 
expression and control sciences such that the gene o, interest is expressed under 

armronriate conditions in the target cell. . . , ^ 

Vira! vector systems useful in the practfce o, the instant inventton mclude 
„ at uralW occurring or recombinant viral vector systems which represent replication 

r:r:;inde fl ci=„,or— 

, „f human or bovine adenoviruses, vaccinia virus, herpes vbus, adeno-assoctated 

ZiLto Roussarcor.virus.andMoMLV. », therapeutic genes are «- 
2 such vectors to allow packaging of the therapeutic gene construct, typtc^wtth 
accompanying viral DNA, infection o, a sensitive host cell, and expresston of ore 

by them wherein the nucleic acids are constructed by methods of recombinant DNA 
bythemwner .^ ri „„. A oreferred recombinant viral vector is 

technology, also termed "genettc engtneenng . A preferre 

adenoviral vector deiivery system which has a de.etion of me protem * 
■nternationa. Paent Application WO 95/U984, which is herein mcorporated by reference 

tatoenteVf r:«effecUveam„u» B of ttK p— ical— ion 

i, « or the retinoblastoma tumor suppressor gene, 

, a ,„;tv. the machine of this invention, tot 

™win e aeent will be administered in accord with the teaching oi 

oeUvery-enhancing agent are in the range of about 1 X 1* parucles/m. to 1 X .0 
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particles/ml, more typically about lxlO 8 particles/ml to 5xlO n particles/ml, most typically 
lxlO 9 particles/ml to lxlO 11 particles/ml (PN/ml). 

D. Gene Delivery Systems 
5 As used herein, "gene delivery system" refers to any means for the delivery 

of therapeutic or diagnostic agent to a target cell. 

In some embodiments of the invention, therapeutic gene constructs are 
conjugated to a cell receptor ligand for facilitated uptake (e.g., invagination of coated pits 
and internalization of the endosome) through a DNA linking moiety (Wu et ah J. Biol. 
10 Chem. 263:14621-14624 (1988); WO 92/06180). For example, therapeutic gene 

constructs can be linked through a poly lysine moiety to asialo-oromucocid, which is a 

£3 

K ligand for the asialoglycoprotein receptor of hepatocytes. 

uj 

m Similarly, viral envelopes used for packaging therapeutic gene constructs of 

can be modified by the addition of receptor ligands or antibodies specific for a receptor to 

!=0 15 permit receptor-mediated endocytosis into specific cells (e.g., WO 93/20221, WO 

93/14188; WO 94/06923). In some embodiments of the invention, the DNA constructs of 

« 5 

%j the invention are linked to viral proteins, such as adenovirus particles, to facilitate 

S endocytosis (Curiel et al. Proc. Natl. Acad. Sci. U.S.A. 88:8850-8854 (1991)). In other 

© embodiments, molecular conjugates of the instant invention can include microtubule 

? 20 inhibitors (WO/9406922); synthetic peptides mimicking influenza virus hemagglutinin 

(Plank et al. J. Biol. Chem. 269:12918-12924 (1994)); and nuclear localization signals 

such as SV40 T antigen (W093/19768). 

In some embodiments of the invention, the therapeutic gene is delivered as 

antisense RNA. The antisense RNA may be provided as an antisense oligonucleotide (see, 
25 for example, Murayama et al. Antisense Nucleic Acid Drug Dev . 7:109-114 (1997)). 

Antisense genes may also be provided, as can other therapeutic genes, in a viral vector, 

such as, for example, in hepatitis B virus ( see, for example, Ji et al., J. Viral Hepat. 

4:167-173 (1997)); in adeno-associated virus ( see, for example, Xiao et al. Brain Res . 

756:76-83 (1997)); or in other systems including but not limited to an HVJ(Sendai virus)- 
30 liposome gene delivery system ( see, for example, Kaneda et al. Ann. N.Y. Acad. Sci. 

811:299-308 (1997)); a "peptide vector" ( see, for example, Vidal et al. CR Acad. Sci III 

32):279-287 (1997)); as a S ene ™ an episomal or plasmid vector (see, for example, 
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Cooper et al. Proc. Natl. Acad. Sci. U.S.A. 94:6450-6455 (1997), Yew et al. Hum Gene 
Ther. 8:575-584 (1997)); as a gene in a peptide-DNA aggregate ( see, for example, 
Niidome et al. J. Biol. Chem. 272:15307-15312 (1997)); as "naked DNA" ( see, for 
example, U.S. 5,580,859 and U.S. 5,589,466); in lipidic vector systems ( see, for 
5 example, Lee et al. Crit Rev Ther Drug Carrier Syst. 14:173-206 (1997)); polymer coated 
liposomes (Marin et al., United States Patent No. 5,213,804 issued May 25, 1993; 
Woodle et al., United States Patent No. 5,013,556 issued May 7, 1991); cationic 
liposomes (Epand et al., United States Patent No. 5,283,185 issued February 1, 1994; 
Jessee, J.A. United States Patent No. 5,578,475 issued November 26, 1996; Rose et al, 

10 United States Patent No. 5,279,833 issued January 18, 1994; Gebeyehu et al., United 

States Patent No. 5,334,761 issued August 2, 1994); gas filled microspheres (Unger et al., 
United States Patent No. 5,542,935 issued August 6, 1996), ligand-targeted encapsulated 
macromolecules (Low et al. United States Patent No. 5,108,921 issued April 28, 1992; 
Curiel et al., United States Patent No. 5,521,291 issued May 28, 1996; Groman et al., 

15 United States Patent No. 5,554,386 issued September 10, 1996; Wu et al., United States 
Patent No. 5,166,320 issued November 24, 1992). 

E. Pharmaceut ical Formulations 

In the formulations of the invention, a buffer containing the delivery- 

20 enhancing agent may be any pharmaceutical buffer such as phosphate buffered saline or 
sodium phosphate/sodium sulfate, Tris buffer, glycine buffer, sterile water and other 
buffers known to the ordinarily skilled artisan such as those described by Good et al. 
(1966) Biochemistry 5:467. The pH of the buffer in the pharmaceutical composition 
comprising the tumor suppressor gene contained in the adenoviral vector delivery system, 

25 may be in the range of 6.4 to 8.4, preferably 7 to 7.5, and most preferably 7.2 to 7.4. 

The compositions of this invention may additionally include a stabilizer, 
enhancer or other pharmaceutically acceptable carriers or vehicles. A pharmaceutically 
acceptable carrier can contain a physiologically acceptable compound that acts, for 
example, to stabilize the recombinant adenoviral vector delivery system comprising the 

30 tumor suppressor gene. A physiologically acceptable compound can include, for example, 
carbohydrates, such as glucose, sucrose or dextrans, antioxidants, such as ascorbic acid or 
glutathione, chelating agents, low molecular weight proteins or other stabilizers or 
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excipients. Other physiologically acceptable compounds include wetting agents, 
emulsifying agents, dispersing agents or preservatives, which are particularly useful for 
preventing the growth or action of microorganisms. Various preservatives are well known 
and include, for example, phenol and ascorbic acid. One skilled in the art would know 
5 that the choice of pharmaceutical^ acceptable carrier, depends on the route of 

administration and the particular physio-chemical characteristics of the recombinant 
adenoviral vector delivery system and the particular tumor suppressor gene contained 
therein. Examples of carriers, stabilizers or adjuvants can be found in Martin, 
Remington's Pharm . Sci. . 15th Ed. (Mack Publ. Co., Easton, PA 1975), incorporated 
10 herein by reference. 

W F. Administration of Formulations 

IB 

m In an embodiment, the delivery-enhancing agent is included in the buffer in 

r ? 1 which the therapeutic agent is formulated. The delivery-enhancing agent may be 

5 an 

s fjl 15 administered prior to the therapeutic agent or concomitant with the therapeutic agent. In 
« some embodiments, the delivery-enhancing agent is provided with the therapeutic agent by 

sj mixing a therapeutic agent preparation with a delivery-enhancing agent formulation just 

Q 

2 prior to administration to the patient. In other embodiments, the delivery-enhancing agent 

13 and therapeutic agent are provided in a single vial to the caregiver for administration. 

20 In the case of a pharmaceutical composition comprising a tumor suppressor 

gene contained in a recombinant adenoviral vector delivery system formulated in a buffer 
H which further comprises a delivery-enhancing agent, the pharmaceutical composition may 

be administered over time in the range of about 5 minutes to 3 hours, preferably about 10 
minutes to 120 minutes, and most preferably about 15 minutes to 90 minutes. In another 
' 25 embodiment the delivery-enhancing agent may be administered prior to administration of 
the recombinant adenoviral vector delivery system containing the tumor suppressor gene. 
The prior administration of the delivery-enhancing agent may be in the range of about 30 
seconds to 1 hour, preferably about 1 minute to 10 minutes, and most preferably about 1 
minute to 5 minutes prior to administration of the adenoviral vector delivery system 
30 containing the tumor suppressor gene. 

The therapeutic agent formulated in a buffer comprising a delivery- 
enhancing agent may be delivered to any cancerous tissue or organ using any delivery 
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method known to the ordinarily skilled artisan for example, intratumoral or intravesical 
administration. Cancerous tissues and organs include^any tissue or organ having an 
epithelial membrane such as the gastrointestinal tract, the bladder, respiratory tract, and 
the lung. Examples include but are not limited to carcinoma of the bladder and upper 
5 respiratory tract, vulva, cervix, vagina or bronchi; local metastatic tumors of the 

peritoneum; broncho-alveolar carcinoma; pleural metastatic carcinoma; carcinoma of the 
mouth and tonsils; carcinoma of the nasopharynx, nose, larynx, oesophagus, stomach, 
colon and rectum, gallbladder, or skin; or melanoma. 

In some embodiments of the invention, the therapeutic agent is formulated 
10 in mucosal, topical, and/or buccal formulations, particularly mucoadhesive gel and topical 
_ gel formulations. Exemplary permeation enhancing compositions, polymer matrices, and 

£0 mucoadhesive gel preparations for transdermal delivery are disclosed in U.S. 5,346,701. 

m Such formulations are especially useful for the treatment of cancers of the mouth, head and 

neck cancers (e.g., cancers of the tracheobronchial epithelium) skin cancers (e.g., 
15 melanoma, basal and squamous cell carcinomas), cancers of the intestinal mucosa, vaginal 
mucosa, and cervical cancer. 

In some embodiments of the invention, a therapeutic agent is formulated in 
ophthalmic formulations for administration to the eye. Such formulations are useful in the 
y3| delivery of the retinoblastoma (RB) gene to the eye, optionally in conjunction with the 

20 delivery of p53. 

G. Methods of Treatment 

The formulations of the invention are typically administered to enhance 
transfer of a therapeutic agent to a cell. The cell may be provided as part of a tissue, such 
25 as an epithelial membrane, or as an isolated cell, such as in tissue culture. The cell may 
be provided in vivo, ex vivo, or in vitro. 

The therapeutic agents of the invention can be introduced into the tissue of 
interest in vivo or ex vivo by a variety of methods. In some embodiments of the 
invention, the therapeutic agent is introduced to cells by such methods as microinjection, 
30 calcium phosphate precipitation, liposome fusion, or biolistics. In further embodiments, 
the therapeutic agent is taken up directly by the tissue of interest. 
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In some embodiments of the invention, the compositions of the invention 
are administered ex vivo to cells or tissues explanted from a patient, then returned to the 
patient. Examples of ex vivo administration of therapeutic gene constructs include Arteaga 
et aL Cancer Research 56(5):1098-1103 (1996); Nolta et al. Pr pc Nattt Acad, Set, USA 
5 93(6):2414-9 (1996); Koc et al. Seminars j n Opcplp gy 23 (l):46-65 (1996); Raper et al. 
Annals of Surgery 223(2):116-26 (1996); Dalesandro et al. J. Thorac. Cardi. Surg . 
ll(2):416-22 (1996); and Makarov et al. Proc. Natl. Acad. Sci. USA 93(l):402-6 (1996). 

The following examples are intended to illustrate, not limit the scope of this 
invention. In the following examples, "g" means grams, "ml" means milliliters, "mol" 
10 means moles, "°C" means degrees Centigrade, "min." means minutes, "DMF" means 

dimethylformamide, and "PN" specifies particle number. All temperatures are in degrees 
K Centigrade unless otherwise specified. 

E EXPERIMENTAL EXAMPLES 

y 15 Example 1 



y3 



Ethanol Improves Gene Transfer In The Bladder 
Initial experiments have shown that several factors including virus 
concentration, time of administration, and volume of dosing can influence gene transfer to 
the bladder epithelium after intravesical administration to rats. Because increased 

20 penetration of dyes can be achieved by intravesical administration of different solvents, 

modification of the adenovirus formulation was also investigated as an alternative strategy 
to increase adenovirus transgene expression in the bladder (Monson et al. Urology 
145:842-845 (1991)). The instant experiments focused on the use of ethanol to increase 
adenovirus transgene expression in the bladder. 

25 Nine female buffalo rats (Harlan Sprague Dawley) were anesthetized with 

isoflurane and received a single intravesical administration of a human recombinant 
adenovirus encoding the lacZ gene (rAd-pgal). The human recombinant adenoviral vector 
comprising the lacZ gene (rAd-Pgal) is described in Wills et al. Human Gene Therapy 
5: 1079-1088 (1994). Before instillation bladders were flushed with PBS and emptied. 

30 rAd-Pgal was then diluted to achieve a final concentration of 1.7xlO n PN/mL in 1) VPBS 
(2 % (w/v) sucrose and 2 mM MgCl, in PBS), 2) 30 % (v/v) ethanol, or 3) 50 % (v/v) 
DMSO, and instilled in a 250 (iL volume (N=3 animals/group). The administered 
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material was retained in the bladder for 45 minutes. The bladder were then flushed with 
PBS, and the animals were permitted to recover from the procedure. Two days after 
administration, rats were sacrificed, bladders were harvested, fixed, and whole organs 
were stained with an Xgal (5-Bromo-4-chloro-3-indolyl-P-D-galactoside) solution to 
5 evaluate reporter gene transfer. Xgal- stained tissues were then paraffin embedded, 
sectioned, and counter stained with hematoxylin and eosin. Hydrolysis of Xgal by P- 
galactosidase results in a blue color that localized to the superficial luminal bladder 
epithelium. 

Transgene expression, consequent to delivery by the adenoviral vector, was 
10 detected in bladders from all animals treated with rAd-pgal but not in an untreated control. 
Transgene expression was similar to previously published results using the PBS/sucrose 
formulation (Bass et al. Cancer Gene Therapy 2:2:97-104 (1995)). In sharp contrast, P- 
galactosidase expression in the luminal epithelial surface was greatly enhanced in animals 
that received rAd-Pgal diluted in 30% ethanol (Figure 1). Bladder specimens described in 
15 Figure 1 were embedded, sectioned, and counter stained with hematoxylin and eosin. 
Histologic evaluation of the bladder tissue demonstrated increased p-galactosidase 
expression of the transitional bladder epithelium when ethanol was added to the adenovirus 
formulation (Figure 2). The interaction of ethanol with the protective glycosaminoglycan 
(GAG) layer on the epithelium surface provides a mechanism for the observed increase in 
20 transgene expression. Disruption of this layer may facilitate virus-cell interaction at the 
surface and potentially enhance penetration into the submucosa. 

Example 2 

Dose-Dependent Tr ansgene Ex pression In The Rat Bladder 
25 In another experiment, 18 female Sprague-Dawley rats were anaesthetized 

with isoflurane and received a single 0.5 ml intravesical bolus of rAd-Pgal at 
concentrations of 2xl0 7 , 2xl0 8 , 2xl0 9 , 2xl0 10 , and 2xlO n , PN/mL in a 22.5% (v/v) 
ethanol formulation. After a 45 minute incubation, the bladders were flushed with PBS, 
and animals were permitted to recover from anesthesia. Two days later, animals were 
30 sacrificed, and bladders were harvested, fixed, and whole organs were stained with Xgal 
solution to evaluate adenovirus transgene expression. P-galactosidase expression in the 
luminal bladder epithelium correlated with the concentration of the administered 
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recombinant adenovirus (Figure 3). No striking differences were observed among animals 
receiving 2xl0 10 or 2xlO n PN/mL, suggesting a saturation of transgene expression in this 
model. Analysis of the volume voided after instillation indicated only a minimal reduction 
in the infectious titer of the dosing material at these high doses. Expression of P- 
5 galactosidase decreased at lower concentrations. No evidence of p-galactosidase 

expression was detected in animals dosed at a concentration of lxlO 7 PN/mL or in an 
untreated control animal. 

Example 3 

10 ACNRB Qene Transfer fa The Mouse JBladder 

A pilot study was conducted to specifically evaluate expression of the RB 
transgene using a RT-PCR assay. The recombinant adenovirus used in this study was 
based on serotype 5 human adenovirus from which the viral early region 1 encoding El a, 
Elb, and pIX proteins have been deleted. This adenovirus is limited to propagation in 293 

15 cells which produce the Ad5 El gene products required for replication. Transfer plasmids 
encoding either full length or truncated Rb were generated from pACN (Wills et al. 
Cancer Gene Therapy 2: 191-197 (1995)) and were, in turn, used to construct the 
recombinant adenoviruses. Either a full-length RB cDNA (1-928 amino acids), subcloned 
as a 2.8 Kb Xba I - Bam HI fragment from the plasmids pETRbc (Huang et al. Nature 

20 350:160-162 (1991) or a truncated fragment (amino acids 381-928) , subcloned as a 1.7 
KB Xba I - Bam HI cDNA fragment, was placed downstream of the CMV 
promoter/enhancer and the Ad 2 tripartite leader cDNA of the plasmid pACN. These 
plasmids were subsequently linearized with Eco RI and cotransfected ( CaP0 4 , Stratagene) 
with either the isolated Cla I digested large fragment of H5ilE4 (Hemstrom et al. J. Virol. 

25 62:3258-3264 (1988)), to make Ad-RB56 (ACN56) containing a partial E4 deletion, or 
with the large fragment from a hybrid virus of dl327 (Ginsberg et al. Proc. Natl. Acad. 
Sci. U.S.A. 86:3823-3827 (1989)) and H5UE4 to create Ad-RbllO (ACNRB) which 
contains deletions in both the E3 and E4 regions of the vector. 

Eight female ICR mice (Charles River Laboratories) were anesthetized with 

30 avertine and each received a single 80 pi intravesical administration of (ACNRB). 

ACNRB (4xlO n PN/mL) was diluted and prepared in a PBS solution or a 30% (v/v) 
ethanol solution. After the virus was retained in the bladder for 45 minutes, the animals 
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were permitted to recover and void. Mice were sacrificed 2 days or 14 days after ACNRB 
administration, and bladders, livers, and kidneys from each animal were harvested, 
homogenized, and processed for analysis (N=2 animals/group). Transgene expression 
was determined using RT-PCR with a primer specific for ACNRB. More specifically, 
5 primers were generated to identify ACNRB and amplify the region from the 3' end of the 
CMV sequence and to the 5 1 end of the RB sequence. Following amplification (30 cycles) 
RT-PCR products were separated on a 10% polyacrylamide gel, stained with ethidium 
bromide, and photographed. Increased ACNRB expression was detected after treatment 
with ACNRB in 30% (v/v) ethanol compared to very low expression after treatment with 
10 ACNRB in VPBS. Positive controls for the assay included samples from ACNRB-infected 
5637 human bladder cancer cells (CONTROL). Bladder RNA samples from ACNRB- 
infected animals that were amplified with primers specific for beta-actin provided an 
internal control for the quality of RNA. Untreated samples and bladder samples without 
the reverse transcriptase (RT) provided controls for contaminating DNA. Two days after 
15 dosing, levels of ACNRB expression in the bladder homogenates were detected from 
animals that received ACNRB prepared in 30% ethanol (Figure 4). No evidence of 
expression was detected in non-bladder tissue or in any samples collected 14 days after 
dosing. 

20 Example 4 

Kinetics Qf PiQdistributiQn And ACNRB Expression After 
Intravesical Administration Tq Mice 
To investigate the time course of expression after intravesical 
administration, 40 female mice (Charles River Laboratories) were anaesthetized with 
25 avertine and received a single 80 /xL bolus of ACNRB (4xl0 10 PN/mL in 22% (v/v) 

ethanol). The instilled material was retained in the bladder for approximately 45 minutes, 
and animals were permitted to recover from the procedure. Mice were sacrificed 1, 2, 3, 
4, 5, 6, 7, and 14 days after administration (N=4/time) for analysis. Bladders, livers, and 
kidneys were harvested and snap frozen in liquid nitrogen for subsequent analysis. For 
30 detection of ACNRB expression, tissue samples were homogenized, and total RNA was 
extracted using TRI-Reagent®. An aliquot of total RNA was amplified in an RT-PCR 
assay using primers specific for ACNRB to distinguish transgene expression from 
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endogenous RB expression. For detection of ACNRB DNA, a DNA extraction kit 
(Stratagene) was used on tissue homogenates. PCR was performed with the primers 
specific for ACNRB, as described above for the RT-PCR analysis. 

ACNRB transgene expression in the bladder homogenates was detected only 
5 in samples collected on days 1-6, with expression relative to endogenous p53 decreasing 
with time (Figure 5, upper panel). No expression was detected from samples collected 7 
and 14 days after administration. Interestingly, some ACNRB expression was detected in 
the kidneys on days 1, 2 and 3, but no expression was observed in the liver (Figure 5, 
lower panels). 

10 ACNRB DNA was detected in bladder tissue of all animals that received 

ACNRB, including those harvested 14 days after administration (Figure 6, (left panel)). 

£0 DNA was also recovered from the kidney homogenates, consistent with the ACNRB 

CO 

33 expression detected in this tissue (Figure 6, right panel). No evidence for ACNRB DNA 

fi was detected in liver samples harvested during the study (data not shown). Samples from 

U1 15 an untreated animal (U) and purified ACNRB DNA (PC) were used as negative and 25 

m 

e positive controls, respectively. 

Cl Because systemic administration of recombinant adenovirus results primarily 

l J in transgene expression in the liver (Li et al. Human Gene Therapy 4:403-409 (1993)), the 

y3 absence of ACNRB DNA and expression in liver samples (Figures 5 and 6) suggests 

I 20 negligible systemic exposure of ACNRB after intravesical administration. Retrograde flow 
via the ureters may have contributed to the detection of ACNRB in the kidney. 

The data presented above demonstrate transgene expression in the rodent 
bladder following intravesical administration of ACNRB. These studies further indicate 
that adenovirus-mediated gene transfer to the bladder epithelium can be enhanced by the 
25 presence of a delivery-enhancing agent, such as ethanol, in the formulation. One 
mechanism for the increased gene transfer may be the disruption of the protective 
glycosaminoglycan layer on the epithelial surface of the bladder. A single intravesical 
administration of ACNRB in a 20-30% (v/v) ethanol formulation results in transgene 
expression in the bladder that persists for. approximately one week. Retrograde ureteral 
30 flow provides a likely explanation for the transient expression of ACNRB detected in the 
kidney. The absence of ACNRB expression and ACNRB DNA in the liver indicates 
limited systemic exposure after intravesical administration. 
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Example 5 
Use of Detergent Formulations 
To minimize side effects without losing gene transfer efficiency, other 
excipients were tested. Detergents are known to interact with cell membranes and form 
5 large pores without further damaging the cells. The efficiency of recombinant adenovirus 
formulated in less toxic detergents was studied in rats and mice gene transfer models. 

rAd-Pgal was formulated in different detergents at their critical 
micellization concentration to evaluate efficiency of gene transfer to the bladder 
epithelium. Female rats (about 200g b/w, Harlan Sprague Dawley) were anesthetized with 
10 isoflurane and received a single intravesical administration of rAd-Pgal (lxlO 11 PN/ml) in 
different detergent formulations (see Table I). Before instillation, bladders were flushed 
with PBS and then emptied. rAd-pgal was then instilled in a volume of 0.5ml. The 
instilled solution was retained in the bladder for 45 minutes. The bladders were then 
flushed with PBS, and the animals were permitted to recover from the procedure. 48 hours 



15 after administration, the rats were sacrificed, the bladders harvested, and fixed in 

Ul 

a formalin. After fixation, the bladders were opened longitudinally so that the urothelium 



was exposed to the chromogen ( Xgal), that is converted to a blue color, if reporter gene 

y (P-galactosidase) expression is present. The luminal epithelial surface of the whole 

CO 

yC: bladder was photographed an blue staining scored: + (minimal staining), + + (moderate 

20 staining), + + + intense staining covering the whole bladder epithelial surface. The 
results are shown in Table I. Some of the anionic detergents (taurodeoxycholate), 
zwitterionic detergents (CHAPS, ZWITTERGENT®, and non-ionic detergents (Big CHAP 
(CALBIOCHEM®), TRITON® X -100) enhanced gene transfer dramatically. Cationic 
detergents and some of the nonionic detergents (PLURONIC® F68, TWEEN®), did not 
25 have similar effects. Improvements of gene transfer were often accompanied by cystitis. 
Zwiterionic detergents facilitated bladder stone formation. 

Possible manifestations of cystitis as observed with ethanol were evaluated 
in mice using a 7 mM Big CHAP (CALBIOCHEM®) (2X CMC) or 0.05 mM TRITON®- 
- X-100 detergent (CMC) formulation. The formulations were administered intravesically 

30 in a volume of 80uL, and animals were observed over a 7-day interval. After sacrifice, 
bladders were paraffin-embedded, sectioned, and stained with hematoxylin and eosin for 
pathologic evaluation. Only a slight macrophage infiltration into the bladder tissue was 
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observed in mice treated with Big CHAP (CALBIOCHEM®). Macrophages infiltrated 
more prominently (slight to mild) induced by TRITON®-X-100 detergent. In sharp 
contrast, significant cystitis was detected in animals treated with 22% ethanol. 
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Example 6 
Gene Transfer of ACNRB 
In addition to the experiments with the reporter gene, a different set of 
5 studies was conducted to specifically evaluate gene transfer of ACNRB. Female ICR mice 
were anesthetized with avertine and each mouse received a single 80 \iL intravesical 
administration of ACNRB. ACNRB (4 x 10 10 PN/mL) was formulated in VPBS, 22 % 
(v/v) ethanol, or 3 mM Big CHAP (C ALBIOCHEM®) . After the virus was retained in the 
bladder for 45 minutes, the animals were permitted to recover. Mice were sacrificed 48 
10 hours after ACNRB administration, and bladders snap frozen in liquid nitrogen. 

Transgene expression was determined using RT-PCR. Tissues were rinsed in RNAse free 
water, homogenized, digested in Tri-Reagent (Molecular Research Center), and total 
cellular RNA extracted. ACNRB was probed using a 5* primer located in the CMV region 
of ACNRB vector, and a 3' primer resided in the 5' end of Rb genome. RT-PCR was 
i}_ 15 performed in the Perkin Elmer 9600 Gene Amp PCR System. Cycling conditions were 10 

min at 65°C, 8 min at 50°C, 5 min at 95°C. 32 cycles of PCR were performed, each 
~j cycle consisting of 30 sec at 94°C, 30 sec at 58°C, and 30 sec at 72°C. The 32nd cycle 

^ included a 10 min elongation step at 72°C to ensure full extension of incomplete DNA 

S fragments. ACNRB-RN A bands were stained with ethidium bromide. The results, 

20 enhanced expression using an ethanol or Big CHAP (CALBIOCHEM®) formulation, are 
shown in Figure 9. 

Example 7 

Big CHAP (CALBIOCHEM®) Enhances Transgene Expression With Minimal Cystitis 
25 Because Big CHAP (CALBIOCHEM®) enhanced gene transfer with 

minimal cystitis, this formulation was selected for further evaluation, including 
concentration and dose-dependence in studies similar to those described above. Briefly, in 
anaesthetized female rats rAd-pgal (lxlO 11 PN/ml) was administered into the bladder via 
an intravesical catheter. rAd-pgal was formulated in different concentrations of Big CHAP 
\ 30 (CALBIOCHEM®). A volume of 0.5 ml was injected and remained instilled in the 

bladder for 45 minutes. The animals were sacrificed 48 hours later, the bladder fixed in 
4% formalin/ glutaraldehyde, opened longitudinally, and the P-galactosidase enzyme 
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activity measured using Xgal substrate. The intensity of blue staining correlates with the 
pgal-transgene expression. Figure 7 shows the epithelial surface of Xgal stained bladders. 
The results indicate a concentration-dependent increase of gene transfer to the epithelium. 
The 3.5-7mM concentrations of Big CHAP (CALBIOCHEM®) significantly improved 
5 gene transfer. The formulation alone (Figure 7, lower panel) did not induce a blue color 
from the Xgal substrate. A higher concentration (17.5) mM did not notably improve gene 
transfer or expression, but induced cystitis in some of the animals tested. 

Effects of higher recombinant adenovirus concentrations were also tested. 
Briefly, in anaesthetized female rats different concentrations of rAd-pgal, formulated in 7 

10 mM Big CHAP (CALBIOCHEM®) were administered into the bladder via an intravesical 
catheter. The animals were sacrificed 48 hours later, the bladder fixed in 4% formalin / 
glutaraldehyde, opened longitudinally, and Xgal stained. Figure 8 shows a concentration 
dependent increase of gene transfer to the epithelium. A concentration of 1.3xl0 n PN/ml 
induced maximal gene transfer. A higher concentration (6.5 x 10 11 PN/ml) did not 

15 notably improve the blue staining. In lower concentrations of rAd-Pgal, 1.3 x 10 10 
PN/ml, or 1.3 x 10 9 PN/ml, transgene expression reduced dose dependently. When 
3.5mM and 7mM formulations were compared, p-galactosidase expression was similar, 
although the enhanced effect appeared more reproducible in animals treated with the 7 mM 
Big CHAP (CALBIOCHEM®) formulation. 

20 

Example 8 

Transgene Expression in Tumors with Big CHAP (CAL BIOCHEM®^ Formulation 
Because initial investigations focused on animals with intact bladder 
epithelium, evaluated adenovirus mediated gene transfer in an animal model of transitional 

25 cell carcinoma was also studied. Tumors were induced in male Fisher rats by addition of 
0.05% BBN in the drinking water for six months. rAd-pgal (1 X 10 11 PN/ml) , 
formulated in 4 mM Big CHAP (CALBIOCHEM®) or VPBS was instilled into the bladder 
for 45 minutes by direct injection, p-gal expression was evaluated 48 hr after treatment. 
Consistent with earlier experiments using non-tumor bearing animals, gene transfer to 

30 tumor tissue was improved with the Big CHAP (CALBIOCHEM®) formulation compared 
to the VPBS formulation (Figure 10). 
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• *iu» eene (rAd-p53) (Wills et al. Human 
Gene transfer of rAd carrying the P 53 gene (r Ad p m 
« 1079 1088 (1994)) was also tested in this animal model of bladder canoe. 
QeD£jlieia p y 5:1079-1088 (1994)) PiQher rates (Charles River) by addition of 

Briefly, bladder tumors were induced in female Fisher for ^ 

0.05% BBN (N-butyl-N^^^ 
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animals. 

Example 9 
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Example 10 

Gene Transfer into Intestinal Epithel ium in Rats 
A slightly modification of the method of Sandberg et al. 
Therapy 5:323-329 (1994)) was used to prepare rat ileal segments for gene transfer 
5 studies. Briefly, female Sprague-Dawley rats were anesthetized with isoflurane. The 
abdominal cavity was opened and an ileal segment rostral from the last Peyer f s patch 
isolated. The segment ( about 3 cm) was cautiously cleared from food residues and both 
sides closed with atraumatic vascular clamps. rAd-Pgal (IX 10 n PN/ml), 0.5 ml 
volume, was directly injected into the segment with a 24 G needle and allowed to incubate 
10 for 45 minutes. rAd-Pgal was formulated in lOmM taurodeoxycholic acid (in distilled 
water, sterile filtered) (Treatment group 1) or VPBS (Treatment Group 2). A third 
treatment group comprised animals treated with lOmM taurodeoxycholic acid. Thereafter, 
clamps were removed and a loose silk suture anchored on both ends for recognition at time 
of necropsy. The abdominal incision was closed and animals allowed to recover in their 
15 cages. Animals were sacrificed 48 hr later. The infected segment and a control segment 
were harvested in fixative for whole organ Xgal staining. 

The results are shown in Figure 13. The extent of Xgal blue staining 
demonstrated evidence of transgene expression in the ileal sections. Enhanced gene 
transfer was evident in the detergent formulation ( medial panel). 

20 

Example 11 
Effect of impuritie s in BIG CHAP 

1. Introduction 

Alternate commercial sources of Big CHAP (BC) were tested for the ability 

25 to enhance rAd (recombinant adenovirus) mediated gene transfer and expression, 

essentially according to the method described above in Example 8. It was determined 
that the more "pure" BC - Sigma (98% pure; Sigma Catalog: Biochemicals and Reagents 
for Life Science Research, 1997, page 182, #B 9518) at a concentration of 6 mg/ml did 
not markedly improve rAd mediated gene transfer (Figure 14, top row). In contrast, the 

30 BC (CALBIOCHEM®; CALBIOCHEM® Biochemical & Immunochemical Catalog 
1996/97, page 43, #200965, 95% pure), did substantially enhance gene transfer and 
expression at the same concentration (Figure 14, bottom row) . 
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The BC of CALBIOCHEM® and Sigma were further analyzed by TLC and 
purified by column chromatography. Purified BC and isolated impurities were tested for 
their ability to enhance rAd mediated gene transfer and expression in the bladder 
epithelium. 

5 As discussed below in more detail, three impurities were isolated from BC. 

Two of the impurities demonstrated improvement of rAd mediated gene transfer and 
expression. In addition to commercial BC, both impurities are preferred for rAd 
formulation buffer to improve local gene delivery. 

10 2. Analysis pf pig CHAP Thin JUyer Chromatography : 

BC (Sigma or CALBIOCHEM®) was dissolved in methanol/ water, 3/1, and 
TLC performed on Silica gel 60, 0.25 mm (EM Industries); the mobile phase consisted of: 
1-Butanol/Water/Glacial Acetic Acid, 6/2.5/1.5. Chromatograms were visualized with 
0.5g of thymol in sulfuric acid/ethanol, 5/95, and heat. As shown in Figure 15, only 

15 one distinct band developed from the sample of BC - Sigma ( B), while three additional 
bands became evident in the sample of BC-CALBIOCHEM® (A). 

Impurities of BC (CALBIOCHEM®) were further isolated by column 
chromatography and analyzed by thin layer chromatography (Silica Gel 60), using a 
mobile phase of chloroform/methanol/ water, 6/5/1. The results are depicted in Figure 16. 

20 (Lane 1: BC (CALBIOCHEM®); Lane 2: Impurity I; Lane 3: Impurity II; Lane 4: 
Mixture of Impurity II and III; Lane 5: Impurity III; Lane 6: BC (CALBIOCHEM®) 
pure; Lane 7: BC (CALBIOCHEM®)). 



3. Increasing concentrations of BC (Sigma) enhance gene transfer. 

25 To test impurities of BC for enhancement of gene transfer, rAd-pgal (1 x 

10" PN/ml) was formulated in increasing concentrations of BC (Sigma) and tested in 
animals as described above. The results are depicted in Figure 17. A higher 
concentration, i.e., 20 mg/ml, of the Sigma BC improved epithelial gene expression 
(upper and middle panel). In comparison, similar gene expression was induced by BC 

30 (CALBIOCHEM®) at a lower concentration (6 mg/ml, Figure 17, lower panel). 
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rA d-Pgal was formulated in 30 mg/ml of the column chromatography 

purified material of both BCs and gene transfer to the bladder epithelium tested as 
punfied mater ^ expresslon was omy 

described above. At a concentration of 30 mg/mi, ge 

. „• th*» CALBIOCHEM® sample (Figure 18, upper panel, nght). The 

Three impurities of BC (CALBIOCHEM*) were detected by TLC (F.gure 
,« and isolated by column chromatography for gene transfer studies. Impurity I and a 
« H and impurity m were diluKd in-VPBS (0.6 mg/ml or 6 mg m» » 

the mixture of impurity 11 ana e r AT BTOCHEM®, upper 

(Figured lower panel, left). Positive control formulation (BC, CALBIOCHEM 

Til' and the negative control formulations (BC-CALBIOCHEM®, column 
panel, left), and the negat ^ rf fi ^ (upper 

chromatography punfied and BC Mgma; 
panel, right) . 

Experiment, ,0 mg/m, of BC (Sigma, Figure 20 upper middle pane,, 

synmesized analog o, impurity III (lower right par*.). rAd-0gal, 1 x 10 PN/rn^ 
Lared in the spited formuiations and administered intravesical as desenbed above. 
TsLTw in PigL 20, improved reporter gene egression (^aiactosidase) was 

■spited- BC (Sigma, formuiations a. a concentration of 10 mg/m. Btg CHAP (S.gm 
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Example 12 

Synthesis of 3-Aminopropyl-3 f -N-gluconamidopropyl-amine 
1. 3 ' -N-g)iucQnami4QprQpyl-3 ' ' -N-ch Q l ^midQprQpy ^N-PhoH^mide 

Glucono-6-lactone (0.1 mol, 17.8 g) is added in small portions to a solution 
5 of 0.1 mol (13.1) g of iminobispropylamine in 400 ml of refluxing absolute methanol. 

After refluxing for 2 hours, the solution is allowed to cool on ice for 1 hour. The solvent 
is evaporated to dryness. 



2. 3- AminQpropyl-3 ' -N-gluPonamido pro py l - aming 
10 Triethylamine (0.2 mol, 28 ml) is added to a solution of 0.2 mol (81.6 g) 

_ of cholic acid dissolved in 500 ml of dry DMF in a 1 -liter flask. The solution is cooled to 

E3 

05 0°C in an ice-salt bath, after which 0.2 mol (20 g) of isobutylchloroformate is added. The 

S mixture is allowed to stand in the ice-salt bath for 5 min. after which triethylamine 

Tfi hydrochloride precipitate is visible. The reaction yields a mixed anhydride intermediate. 

HO 15 In a separate 2-liter flask, 0.1 mol (30.9 g) of 3'-N-gluconamidopropyl- 

s 3 1 '-N-cholamidopropyl-N-cholamide is dissolved in 500 ml of DMF by gentle warming to 

Q 

£j 40-60° C. This solution is cooled rapidly in the ice- salt bath just until clouding occurs, at 

::~ about 10° C. The mixed anhydride intermediate is filtered into the solution of 3'-N- 

y3 gluconamidopropyl-S^-N-cholamidopropyl-N-cholamide in DMF. The triethylamine 

20 hydrochloride precipitate is removed by filtration. Thereafter, the solution is stirred with 
cooling for 24 hours. DMF is removed by evaporation under vacuum and heat, and the 
^ crude mixture is subjected to column chromatography on a silica gel with 

chloroform/methanol/ water, 65/5/1, as the mobile phase. Pure fractions are collected and 
\i the solvent evaporated by vacuum. The reaction yields about 27 g (25 %) product. 

1 25 Mass spectral analysis of the product gave the following peaks: 337.2, 

; 394.2, 412.2, 503.8, 682.4, 700.5, 755.1, 801.1, 823.1, 912.3, 1054.8, 1074.7, 1090.6, 

1112.4, 1119.3. 
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All publications and patent applications cited in this specification are herein 
incorporated by reference in their entirety as if each individual publication or patent 
application were specifically and individually indicated to be incorporated by reference. 
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As will be apparent to those skilled in the art to which the invention 
pertains, the present invention may be embodied in forms other than those specifically 
disclosed above, without departing from the spirit or essential characteristics of the 
invention. The particular embodiments of the invention described above, are, therefore to 
be considered as illustrative and not restrictive. The scope of the present invention is as 
set forth in the appended claims rather than being limited to the examples contained in the 
foregoing description. 



